Information awareness is the process by which people obtain knowledge about the status of personal information that is important to them. This is usually provided graphically. When the information would otherwise be hidden from view, it must be brought to the front automatically or manually making users stop what they are doing and interact with the system. This design strategy ignores the human costs of interrupting the user. A solution is to use speech output to make the delivery invisible, but the incorporation of speech invokes anthropomorphic feelings whose cues must be carefully controlled if the system is to be regarded as humanised. This paper describes an empirical study designed to investigate how the content contextually cues the significance of visually hidden information, and how the delivery, including attentive interruptions, linguistic variation and politeness, impacts on the social acceptability of a speaking system. The results indicated that heuristic-oriented people felt a degree of rapport with the speech-based system, and that it enabled them to appreciate the content of hidden information more strongly than those who were analytic 2 Nuno M Ribeiro & Ian D Benest in nature. Overall, the system was unexpectedly well accepted, leading to the abstraction of design guidelines for those speech-based systems that exploit invisibility to enhance information awareness.
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Problems with Visible Interfaces
Current graphical interfaces for personal information management (PIM) are based on principles, mostly arising from the desktop metaphor, that "limit the computerhuman interface" (Gentner & Nielsen, 1996) in a number of ways. First, finding hidden information, such as information nested in a hierarchy or hidden behind opened windows, requires cognitive effort that can adversely distract attention from the user's main activity. Second, when people need to be notified of new or updated information, current interface approaches rely on playing a sound or blinking an icon to grab the user's attention. However, these techniques give insufficient information about the interruption and require the user to investigate further. Third, where systems display a notification window, it obscures any information already being displayed (Raskin, 2000) due to screen display space limitations (Shneiderman, 1993) . Additionally, existing approaches that alert the user do not include an evaluation of its importance before it interrupts. Thus, users often suffer a loss in concentration through needless graphical notifications. Finally, applications that interrupt make use of their own icons or notification windows. This lack of integration for alerts requires the user to have to remember and recognise the source of the information (Sawhney & Schmandt, 2000) . So the information should be conveyed in an active and unobtrusive way with due regard to the user's degree of interruptibility and commitment to a task. The interface should be able to sense the context in which the user is working and act appropriately. Here, notifications are viewed as alerts to the imminence or occurrence of new events while reminders are viewed as alerts to past events of which the user needs to be reminded.
Exploiting Speech Output
Research is required to determine the kinds of information processing for which spoken output is a benefit and is in fact preferred (Cohen & Oviatt, 1995) . In this paper, it is argued that the limitations of current techniques used for information awareness may be reduced by the adoption of speech output in such a way that it complements, rather than replaces, the graphical user-interface.
Using speech output for notifying and reminding the user should make interruptions less disruptive since the user's attention can be obtained without interfering with the visual "locus of attention" (Raskin, 2000) . Moreover, speech output potentially allows for the provision of more meaningful alerts: it can be used both to alert the user as to the occurrence of an event and to provide sufficient semantics about that event. Furthermore, speech output provides an integrating mechanism for disparate sources to deliver alerts in a timely manner. Of course, in an open-plan environment, the aural channel promotes information leakage unless an ear-piece is employed. The ability to broadcast to a wider audience also needs to be minimised so that it is no more irritating than when someone is speaking on the telephone in the same environment.
Anthropomorphic Delivery
Research has found that people react socially to computers (Reeves & Nass, 1996) , but the reception of speech invokes even stronger social responses (Nass et al., 1994) . When speech is used, the system must reinforce its social acceptability by complying with human expectations regarding social interaction; the system must reflect the same social norms that people employ in conversation. This paper suggests that to reinforce the social acceptability of a speaking system, the design must take into account at least three critical anthropomorphic aspects: attentive spoken interruptions, linguistic variation and politeness.
Interruptions are inevitable in a computer-based system that notifies and reminds; so the system must know: the information priority and urgency, what to say to grab the person's attention, and how to interrupt the audio channel. Furthermore, interruptions are raised by the occurrence of events, and these are inevitably repetitive. For visual interfaces, it is extremely important to maintain consistency in the presentation of information, but for speech output the repetition of the same utterance over and over again will irritate and distract the person. So, while the semantic consistency must be maintained, the message must be conveyed with variation. The types of linguistic variation people usually employ in a conversation, which have no impact on the meaning they intend to convey, include small variations of intonation and prosody, variation in the words used to construct sentences, and variation in word position.
Being interrupted is sufficiently annoying per se, even though it may be urgent, very relevant to the person, and conveyed in a non-repetitive way. The strategy usually employed by people who are interrupting is to be polite in order to attenuate the adverse effects of the interruption. Thus, the design must use typical polite expressions, particularly when getting the person's attention.
Contextual Content
The fundamental concepts that should drive the design of the alerting messages are those that relate to the psychological principles that underlie the processes people use in personal information management.
Psychological evidence indicates that recognition is superior to recall (Houston, 1986) and thus, a system that attempts to enhance information awareness should support the weaker recall function. This suggests that speech should support the initial recall-directed function, leaving the recognition function (the presentation of the full details) for the most suitable graphical presentation.
Humans also have a poor memory for details (Houston, 1986) ; people interpret information in the context in which it appears, rather than storing that information in memory exactly as it was acquired. This fact prompts the need to provide recallable and recognisable characteristics in order to improve information recall, and these are provided by contextual elements, or cues, that characterise the situation in which an event occurs (Barreau, 1995) . These cues include such elements as the subject matter, the addresses of the information or the intended use for the information. For the purpose of this work, the contextual cues are called forward cues; the reason is that they provide sufficient information to allow the person to appreciate what will be found ahead. It is suggested that the following context elements should be adopted in speech-based alerts: Kind, Time, Quantity, People, Nature, Description and Place (Ribeiro, 2002) .
Experimental Environment
A speaking assistant for information awareness was developed to provide an experimental environment for testing users' perceptions and reactions to anthropomorphised spoken notifications and reminders. It also established the extent to which exploiting speech as part of a complementary invisible mechanism to the existing graphical presentation of information, offers advantages over purely graphical-based approaches for information awareness. The system was designed so that it supports the user's continued awareness of dynamic personal information which is hidden from view, by extracting selected contextual information for the cues required by the human cognitive system, and conveying those cues as part of spoken notifications and reminders in the email, diary and printing domains. The system was designed to follow typical conversational norms, including attentive interruptions, linguistic variation and politeness.
The experimental environment architecture is illustrated in Figure 1 . There are three main types of software agent: the specialised agents (the email, printer and diary agents), which are personal information monitoring agents, the service agents (the user monitor agent), which provide environmental information required by the specialised agents, and an interface agent (the speaking agent). In addition, there is a defined inter-agent communication protocol. It was implemented on a MS Windows NT platform running the Microsoft Agent extensions (see http://www.microsoft.com/msagent), and the Lernout & Hauspie TruVoice text-tospeech (TTS) engine.
Method
The following research questions were considered:
How useful would people find it if they were interrupted using spoken language at the interface to convey information that is hidden from view?
Would polite, linguistically varied and attentive interrupting speech, reinforce the social acceptability of the interface?
How humanised would such a system appear to be?
A quasi-natural experiment was designed to simulate a situation in which users searched for specific information in order to answer a set of questions and write a report on the information found. In parallel, the users had to perform other common activities such as printing, managing email and performing to-do's previously entered in their diary. There was no control group; the system itself was not being evaluated against any other system. The experimental situation was not intended to reveal the true motivation of the study. The overall objectives of the experiment were as follows:
To assess the perceived adequacy of the anthropomorphic characteristics in relation to the overall goal of providing a humanised work environment; and to identify any differences in these perceptions according to users' inherent psychological preferences for acquiring and processing information.
To assess the perceived usefulness and the degree of humanisation of the system; identifying any differences in perceptions when compared with ones emanating from previous experience with the MS Office Assistant.
Experimental Design and Procedure
Participants were told that this experiment was being conducted to investigate how easy it is for people to use an interactive system to find information in an environment where there is some interruption. The experimental sequence is given in Figure 2 . Participants were told to use the World Wide Web to find answers to fortyeight questions. It was stressed that knowing the answer to a question would not be sufficient, and that they should find evidence to support the answer and paste it 15 into a word-processor document along with its Uniform Resource Locator (URL). Once participants had finished each group of questions they were told to print off their word processor document. Additionally, they used an email client to read, reply and print selected email messages. 15 self-selected participants performed the experiment. Each had to complete an expertise and personality self-assessment questionnaire. A 15minute training session with the particular speech synthesiser was given at the start, though all were actually familiar with speech synthesis. Each person took two and a half hours to complete the exercise. Each interrupting event was precisely timed. At the end of the session, participants completed a subjective appreciation questionnaire designed to measure their opinions and attitudes concerning the assistance offered by the system's prototype.
Measures
To collect data, two questionnaires were used. The first questionnaire was completed before participants started the task. The second questionnaire was completed after the task was finished. The design of these questionnaires took into account guidelines and advice presented in the literature (Alreck & Settle, 1994; Bouchard, 1976; Saunders et al., 2000) .
The independent variables (IV), collected through the first questionnaire describe the participants: gender, age range, level of operating system proficiency, degree of familiarity with speech synthesis, and the participant's personality type as given by the self-test (Tieger & Tieger, 1995) that determines the Myers-Briggs Type Indicator (MBTI). The MBTI categorises people according to their dominant psychological preferences in each of four pairs of personality traits; it relies on the person's honesty. It is completed remote from any specific situation so it is not an accurate predictor of action in any situation. As the experimental environment poses little threat, it was thought unlikely that any of the participants would deviate from their indicated personality trait during the experiment.
The dependent variables (DV) were the measures taken in the second questionnaire. In this study, only subjective measures consisting of users' opinions, feelings or attitudes about the system characteristics were taken. These measures were obtained by having participants rate their perception about specific system characteristics on 5-point and 7-point scales.
For assessing the adequacy of the anthropomorphic characteristics in relation to the overall goal of providing a humanised work environment, users were asked to rate the suitability of given adjectives to describe certain system features on 7-point numeric scales ("1" = "Not at all", "7" = "Very much so"). Each adjective corresponds to one dependent variable, as shown in Table 1 .
In order to assess the perceived overall quality of the system's assistance, participants were asked to use 5-point Likert scales (Alreck & Settle, 1994) to rate their level of agreement with given statements about the system ("1" = "Strongly Disagree", "2" = "Disagree", "3" = "Neither Disagree nor Agree", "4" = "Agree", "5" = "Strongly Agree"). Each statement corresponded to one dependent variable, as shown in Table 2 .
In order to assess the perceived usefulness and humanisation of the speaking assistant, participants were asked to use a 7-point semantic differential scale (Osgood Task assistance The speaking assistant made the task easier to perform The system was assisting me. 
Participants Profile
The 15 participants were selected by being the first ones to respond to a message broadcast throughout the Department. They consisted of nine undergraduate students, five postgraduate students and one staff member. Four were females and eleven were males; their ages ranged between 18 and 45 years old. Participants were provided with a small financial reward. Time prohibited a larger and more diverse sample. All participants had adequate domain knowledge of the task suggested, and they judged themselves as medium or high proficiency users of the MS Windows NT operating system. All had either heard speech synthesis a few times or many times before the experiment. Their psychological characteristics were fairly distributed with no strong correlations between the participants' characteristics.
Experimental Results and Discussion

Adequacy of Anthropomorphic Behaviours
The first set of results relates to the user's perceptions of appropriateness and usefulness of the interruptions produced by the speaking assistant. The users' mean ratings are presented in Table 4 : users moderately agreed that the interruptions generated by the system were perceived as both appropriate and useful.
To investigate the quality of the interruptions an index of relevance was created by aggregating both items (Cronbach alpha = 0.87). (As a correlation coefficient, Cronbach's alpha (Norušis, 1994) provides a measure of confidence as to how reasonable it is to aggregate the items.) The mean rating was 5.76 out of 7, with a standard deviation of 0.92, indicating that on average users thought the interruptions were relevant. No significant differences were found. Three users observed that the system only delivered relevant (necessary) information, and four liked being interrupted with spoken notifications, which they classified as timely.
The second result (in Table 5 ) relates to the perceived disruptiveness caused by spoken interruptions. This was recoded during analysis in order to obtain an index of non-disruptiveness. It indicates that on average users slightly agree that the interruptions did not disrupt them, while the majority agreed that interruptions were not disruptive. If the result had indicated a perception of disruptiveness then the suitability of speech as an alternative to graphical based interruptions would be questionable. This suggests that speech has a role to play as a complementary invisible mechanism for delivering information with minimal disruption. This finding is also supported by five positive opinions about the unobtrusive nature of spoken alerts. The comment here was that the messages did not demand immediate action. So, the verification of the items of information mentioned in the message could be postponed until the user's current task was finished, or until the user's attention could be diverted from the current task. Thus, users were able to decide when to deal with the interruption without any other overt action.
The third set of results concerns the way the system deals with the audio channel when it is already in use for other audio presentations. The main concern was to maximise the naturalness of the interruption while minimising the interference between the spoken message and an existing audio presentation. In order to test the suitability of a fading approach, music was continuously playing in the background (at a suitable volume that was kept constant during the experiment). User's average ratings can be found in Table 6 . As noted, these are very positive results regarding the fading technique for the audio channel modulation, with users definitely agreeing on the naturalness of the modulation and on the low level of interference. To investigate further the quality of the modulation, both variables were aggregated (Cronbach alpha = 0.61) during analysis. Consistently, the mean rating obtained was 6.1 out of a possible 7, with a standard deviation of 0.89. No significant differences were found across the users' personality characteristics under analysis.
However, the experiment was limited in that it only tested interruptions of music. Thus, further research is needed to investigate the appropriateness of this technique to interrupt other multimedia presentations, such as video clips.
The fourth set of results relates to the investigation of the quality of speechbased attention-getting. In order to obtain users' perceptions along these dimensions, participants were asked to consider the way the system obtained their attention, by saying for example "Excuse me". Table 7 illustrates users' average ratings. These results indicate that users slightly agree on the usefulness, naturalness and nonannoying nature of the expressions used to grab their attention. However, there is a considerable variation in the results. This may be indicating that additional research is needed in order to achieve more humanised ways of getting a user's attention. The index of the quality of attention-getting (aggregation of all three variablesCronbach alpha = 0.72) confirms this: the mean rating obtained was 4.93 out of a possible 7, with a standard deviation of 1.18.
In order to clarify these results three users mentioned that the attentiongetters promoted reliable interruptions by preventing them from missing important information, and another user mentioned that attention-getting was pleasant because it prevented the occurrence of sudden interruptions, which could lead to them missing part of the delivered information. However, one user commented on the annoyance caused by the low level of linguistic variation in the short utterances that the system used to grab their attention. Another three users were annoyed because there was not enough intonation in the speech-based attention-getters. So varying the intonation with which these expressions are spoken, might alter the way they sound, and thus solve both problems.
One interesting difference between user groups was found. As Figure 3 illustrates, users who were less familiar with text-to-speech (TTS) synthesis tended to find attention-getters more useful (M = 5.86) than those with greater familiarity (M = 4.00), t(13) = 2.497, p = 0.027. It may be the case that the spoken attentiongetters are really performing a useful function for the first group of users by drawing their attention before the actual message is spoken and momentarily helping them to focus their attention and improve their understanding of the synthesised speech. For the second group, this result indicates a neutral opinion. The next set of results covers the investigation as to whether there was an adequate level of semantics in the spoken alerts so that they enhanced the user's awareness of information that was hidden from view. The average ratings are given in Table 8 . Participants found the message contents to be understandable, making them well aware of events that they promoted. These were positive indicators for the forward cues. To validate this conclusion, an index of semantic quality was derived by the aggregation of three variables: "words easy to recognise", "meaning easy to recognise" and "messages helped to understand the event" (Cronbach alpha = 0.63). The mean rating was 5.84 (out of 7), with a standard deviation of 0.86.
However, some variation in opinions was apparent and significant differences were found in average ratings. Figure 4 illustrates the differences along the Intuition/Sensing personality dimension (N/S): Intuitive participants rated significantly higher (M = 6.50) the facility in recognising words when compared with Sensor participants (M = 5.00), t(13) = 2.213, p = 0.045. Intuitives also rated significantly higher the help provided by the spoken messages (M = 6.50) when compared with Sensor participants (M = 5.56), t(13) = 2.701, p = 0.018. Intuitives tend to be more heuristic in their approach to information gathering, whereas Sensors tend to be more analytic information gatherers. Table 9 : Average ratings for the perception of system politeness.
These differences can be regarded as positive indicators. Given that messages work as surrogates to the actual event-triggered information (by providing an overview of what happened), people will acquire that information without having to interrupt their current activity. This corresponds to the way people with an Intuition preference like to take in information: they prefer to see the 'big picture', focusing on the meaning behind facts. Sensors prefer to focus on the practical details of facts to find out about events. Since the main objective of spoken alerts is to provide sufficient cues to promote the awareness of information, these results seem to support this objective. Moreover, six users mentioned that the notifications of email messages, which include information about the subject and the sender of new messages, helped them decide whether to look at, or to ignore, newly arrived messages. Furthermore, ten participants mentioned the usefulness of notifications about the printer queue as helping them carry on with their work until they were sure their documents were printed.
The next set of results clarifies what level of politeness is appropriate for a system to appear to be a humanised work companion. Here, the main thrust was to reveal whether politeness in general is perceived to be an aspect of spoken interaction that reinforces the social acceptability of the computer (by reducing its rudeness). In order to collect the users' opinions about the appropriateness of politeness, the system prototype provided simple polite utterances whenever the user's attention was to be obtained. Participants were first asked to indicate whether they noticed the system politeness; all of them did. Then, they were asked to rate their opinion of the polite messages (Table 9) .
On average, participants agreed that the messages were polite and they slightly agreed that the polite messages were appropriate. However, the result is not so positive as far as the irritation caused by the polite attention-getters: some participants felt quite irritated, while others did not feel irritated at all. Users mentioned as particularly annoying the way in which the system kept repeating "Excuse me". They also felt annoyed with naïve attention-grabbing utterances such as "If you're not too busy". These comments clearly indicate that careful choices must be made regarding the polite expressions, but it also indicates that the system should not be overly polite all the time. In fact, although people like politeness, the typical human behaviour is not to be overly polite all the time. Sometimes, a neutral, or more serious tone is the appropriate human response to a situation.
The next result illustrates the importance of minimising user irritation by adopting linguistic variation. Participants were invited to indicate whether they had noticed this system behaviour. Only eleven participants answered positively. These Table 11 : Average ratings for system assistance (on a 1 to 5 scale).
people were asked to indicate their feelings about the linguistic variation. Table 10 gives the average ratings (N = 11). It can be seen that participants did not feel irritated at all with linguistic variation (this variable was recoded). This is a positive result since the system was designed precisely to reduce irritation by varying otherwise repetitive messages. No significant differences were found. For the four participants who did not notice the linguistic variation even though it was a salient system feature, it suggests that the system exhibited a high degree of naturalness: those features, which go unnoticed, behave in a natural way. Thus, non-repetitive spoken messages do not have a negative impact on users.
Assessing Speech-based Assistance Quality
The following set of results reveals the degree of assistance the system is perceived to provide in supporting the awareness of information that is hidden from view. Participants were asked to consider the influence of the system in all the activities they had to perform in order to conduct successfully the research task (e.g. they were required to check for particular email messages, and they had to print specific documents). The average ratings can be found in Table 11 .
Participants definitely agreed that the system provided valuable assistance for those tasks requiring them to be aware of dynamic information that was hidden from view. The index of this assistance quality, obtained through the aggregation of both variables (Cronbach alpha = 0.97), confirms that the system was perceived as providing good-quality assistance for information awareness. The mean rating obtained was 4.10 out of a possible 5, with a standard deviation of 0.80. Significant differences concerning users' ratings of these variables were only found along the Intuition/Sensing dimension, as Figure 5 shows.
Intuitive participants rated significantly higher (M = 4.67) the importance of the system to assist with the experimental task than Sensor participants (M = 3.67), t(13) = 2.962, p = 0.011. Intuitive users also found that the system assisted them to a greater extent (M = 4.67) than Sensor users (M = 3.78), t(13) = 2.317, p = 0.037. Consistently, these results reveal that the system supports a heuristic style of information acquisition. Enhancing the awareness of the meaning behind events, the system was seen to aid the process of acquiring visually hidden information. 
Assessing Humanisation and Usefulness
This section presents the results found in studying the extent to which the anthropomorphic characteristics implemented in the prototype promote the perception of both a humanised and useful assistant (Table 12) . On average all users' perceptions of the system were positive. These results indicate that users found the spoken assistance particularly helpful and reliable.
In order to analyse the results, two indices were derived through the aggregation of the variables. The index for system usefulness was obtained by the aggregation of the helpfulness, convenience and comfort variables (Cronbach alpha = 0.85). The index for humanisation was obtained by aggregating the remaining six variables (Cronbach alpha = 0.74). Table 13 shows that the system was considered both useful and humanised.
There were three significant differences found along the Intuition/Sensing dimension. As Figure 6 illustrates, Intuitives tended to find the system more pleasant (M = 5.50) than Sensors (M = 4.22), t(13) = 2.629, p = 0.021. Similarly, Intuitives also found the system significantly more comfortable (M = 6.33) than Sensors (M = 4.89), t(13) = 3.091, p = 0.009. There was also a difference in terms of the system usefulness (aggregation of helpfulness, convenience and comfort): Intuitives found the system more useful (M = 6.05) than Sensors (M = 5.18), t(13) = 2.181, p = 0.048. These results are consistent with the results found during the analysis of the specific system characteristics: the speaking assistant seems to be effectively supporting a heuristic approach to information acquisition. Significant differences were also found along the Feeling/Thinking dimension as shown in Figure 7 . Feelers found the system more pleasant (M = 5.25) than Thinkers (M = 4.14), t(11.569) = 2.271, p = 0.043. Similarly, Feelers found the system far less intrusive (M = 6.13) than Thinkers (M = 3.14), t(13) = 4.677, p = 0.000. This is the most significant difference found during the study.
It might be that such behaviours as interrupting just to convey relevant information, varying otherwise repetitive messages, and drawing attention in a polite way, make the system appear to base its decision as to when to interrupt, on personcentred values. That is, participants may have perceived the system to be evaluating the impact of its interruptions on their attention, and trying to behave in a way that preserves harmony. This is precisely the kind of behaviour that would be noticed by Feelers, because it is their distinctive mode of making decisions. This may explain why Feelers found the system less intrusive, more pleasant, and globally more humanised (M = 5.45) than Thinkers (M = 4.47), t(13) = 2.470, p = 0.028.
The last result of this study concerns the comparison of users' perceptions of the Speaking Assistant with those of the MS Office Assistant. Figure 8 illustrates the differences in users' average ratings for the nine dimensions introduced above (N = 13).
It should be noted that this is comparing the participants' reactions to the way each system delivers information. On average, the speech-based (invisible) approach to interrupting (as implemented in the Speaking Assistant prototype) was rated significantly higher than the graphical approach employed by the MS Office Assistant over all dimensions under analysis. Interestingly, the major differences were found in the ratings of helpfulness and convenience (dimensions related to the system usefulness), and in the ratings of satisfaction and unobtrusiveness (dimensions related to the system's humanisation). All the differences shown in Figure 8 are statistically significant. This may be indicating that speech induced anthropomorphism, used to enhance the awareness of dynamic information that is hidden from view, is a potentially beneficial alternative to an approach that is purely based on the graphical delivery of information.
Conclusions
The experiment described in this paper was an initial, but thorough, study of the effects caused by speech induced anthropomorphism, when used at the interface to enhance the awareness of information that is hidden from view. The findings reported here and elsewhere suggest some important implications for the design of speech-based systems for personal information awareness. First, speech appears to be an appropriate and visually unobtrusive means of alerting the user to information that is hidden from view. It can be used in this way to complement the graphical presentation of the information. Second, speech should be used to convey short summaries about event-triggered information, and this may be achieved by including context cues that characterise the events. This facilitates the heuristic acquisition of information in that it enables people to appreciate the meaning of event-triggered information. Third, since using speech invokes an unconscious social response on the user, it should be conveyed following typical social norms such as importancesensitive and well-structured interruptions, and linguistic variation. Using these anthropomorphic characteristics reinforces the social acceptability of the speechbased system and enhances the perception of a humanised assistant. Fourth, using speech is likely to give the system a personality. The choice of linguistic style may reinforce the social acceptability of the speech-based system, but it also may irritate users if it is not used in a way that is consistent with the personality that is expected. Spontaneity seems to be the key aspect that users would welcome in future speech-based systems. This should promote the perception of an interrupting behaviour that arises naturally. With built-in spontaneity, speech should not be the cause of irritation. A longitudinal study is necessary to determine whether over time, speech however mechanically humanised it is, eventually becomes too irritating to be acceptable. Future work might also compare and contrast the interference levels caused by using either speech cues or non-speech cues.
